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An introduction to

CHAM, its software and

services.

Computer  Simulation of Fluid Flow, Heat Flow, 

Chemical Reactions and Stress in Solids.
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What does CHAM do?

ñSimulation of processes involving fluid flow, 
heat transfer, chemical reaction & 

combustion within engineering equipment 
and the environmentò

A-Z industrial & environmental 

applications

Practical - Cost-effective - Validated 

- Easy to Use
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CHAM and its Services

Research & Product Development 

Special-Purpose Products

Customer and Technical Support

Consultancy Services

Model Build
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CHAM and its Partners
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CHAM Technology Developments

Parallel Processing 
achieves an average 
speed-up of 3.6 for cases 
run on quad-core systems.

CHAM supports Parallel 
PHOENICS on multi-core 
and HPC Windows & 
Linux clusters
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CHAM Today

3 International offices

30 International representative agencies

>4,000 PHOENICS customers world-wide
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A wide range of applications

Smoke & fire spread

Heating & Ventilation

Impeller pump efficiency

Aerodynamics
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A wide range of applications

Particle tracking

Heat transfer

Multi-phase



C
H

A
M

Seminar

Main Features of PHOENICS

Å 1-,2- and 3-D geometries

Å Cartesian, Polar, Body-Fitted Coordinates, and Unstructured

Å Local multi-level fine-grid embedding 

Å ñPARSOLò Cut-cell technique for complex geometry

Å ñINFORMò Input of user-defined Formulae

Å Conjugate Heat Transfer

Å Single or Multi-Phase Flow

Å Particle Tracking

Å Chemical reaction

Å Radiation

Å Non-Newtonian Flow

Å Choice of equation solvers and differencing schemes

Å Automatic generation of user code

Å Open-source routine for user-coding

Å Automatic convergence control
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Å PHOENICS  consists of several modules:

ïVR-Editor for setting up problems, 

ïEARTH for solving the problem, 

ïVR-Viewer for visualising results; and 

ïPOLIS for providing information.

Å Together they allow users to solve a wide range of 1D, 2D and 

3D fluid flows simultaneously with heat transfer and chemical 

reaction.

Main Features of PHOENICS
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PHOENICS Key Components

ÅModel setup ïVR Editor

Å Clicking on an 

object brings a 

dialogue box onto 

the screen.

Å This enables the 

information about 

the object to be 

edited.
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ÅModel setup ïVR Editor

Å The object geometry 

can be taken from a 

library of shapes, or 

loaded from a CAD 

file.

Å CAD geometries are 

read using the STL 

format and many 

more besides

PHOENICS Key Components
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Setting Up Problems: 

PHOENICS-VR

The PHOENICS-VR Main menu allows you to make all the 

settings required for a problem, including:

Å Geometry

Å Variables to be     

solved (models)

Å Fluid properties

Å Initial values

Å Boundary 

conditions

Å Monitoring

options
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Å Model setup - VR 

Editor

Å Calculations ï

EARTH Solver

Å EARTH is the 

program that 

performs the 

simulation.

Å The graphical 

monitor shows 

the converging 

solution

PHOENICS Key Components
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The EARTH run can be interrupted to change several parameters: 

Å Monitoring position

Å Relaxation factors

Å Graphical monitor 

settings

Intermediate result files

can also be dumped

Calculations - Solver
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Å EARTH is supplied partially as compiled object code, partially 

as open source code.

Å The object code contains:

ïThe basic solution algorithm and equation solvers

ïThe input/output sequences 

Å The open source code contains:

ïThe built-in turbulence, combustion, radiation and other 

physical models

ïThe built-in physical property variations

ïThe built-in higher-order differencing schemes

Calculations - Solver
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Å Part of the EARTH open source is the user-routine GROUND. 

Å This enables users to add in any new models, properties, 

source terms, or input/output sequences they may wish.

Å Users not wishing to write code themselves may place algebraic 

expressions into the input file via ñINFORMò

Å These will be automatically executed at run-time. In this case, 

no compilation or linking is required!

Calculations - Solver
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ÅModel setup ïVR Editor

ÅCalculations - Solver

ÅAnalysis of results ïVR Viewer

PHOENICS Key Components
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Analysis of Results - VR Viewer

The VR Viewer allows users to see their results in a number of 

different ways:
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Iso-surfaces

Streamlines, static or animated

Vectors

Contour planes

Analysis of Results - VR Viewer
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How to obtain PHOENICS

Å Monthly, Annual or Perpetual

Å 32-bit & 64-bit sequential- or parallel-processing

Å Windows or Linux

Licensing Options

Special-Purpose  Options

Å FLAIR ïHVAC, fire safety, building services

Å VWT ïVirtual Wind Tunnel

Å ESTER ïElectrolytic smelter

Å CVD ïchemical vapour deposition

Services
Å Standard 3 day training course 

Å Day rate for consultancy and model build

Å Extended consultancy support
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PHOENICS Features
Rotating Co-ordinates

Object type ROTOR introduces zone of rotating co-ordinate within 
static domain.

All cells within the rotor object are shifted in X relative to the static 
domain at the start of each time step.

Only one object-detection sequence is needed, as everything within 
the rotor goes round with it.
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Time step size and number of steps are automatically set from 
the input parameters.

PHOENICS Features
Rotating Co-ordinates

First example shows a row of simplified blades pulled between 
two simplified stators.
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Second example shows flow induced by a rotating propeller

PHOENICS Features
Rotating Co-ordinates
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PHOENICS Features
PARSOL

(Cartesian cut-cell examples)

PARSOL and fine-grid embedding applied to a three-
part airfoil

The flow is two-dimensional, incompressible, inviscid 
and steady. 
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PHOENICS Features
PARSOL

(Cartesian cut-cell examples)

Embedded fine grids 
are used to capture 
airfoil detail
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PHOENICS Features
PARSOL

(Cartesian cut-cell examples)
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PHOENICS Features
Unstructured

Instead, the motive is to reduce the time and 
storage entailed by the un-needed fine-grid 
regions which PHOENICS (in structured- grid 
mode) generates far from the bodies, as seen 
on the right.

For the hollow-box heat-conduction 
problem on the left, SP (structured 
PHOENICS) pays attention also to 
the empty central volume; USP 
does not.

The motive for introducing PHOENICS Unstructured (USP) has 
not been (as it may be for competitors) to handle curved-
surface bodies; for PARSOL handles these very satisfactorily.
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USP is a part of the standard PHOENICS package, which can 
therefore work in structured or unstructured modes at userôs choice.

All USP grids consist of Cartesian (i.e.) brick-
shaped cells. The general polygonal shapes 
such as this Ą used in other codes have been 
judged to be needlessly complex.

USP cells adjoining objects with 
curved surfaces can be distorted 
so as to fit them better, as shown 
on the right                  Ą

rectangular       distorted

PHOENICS Features
Unstructured
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This grid was created 
by means of AGG, the 
Automatic Grid 
Generator, a utility 
program which is 
supplied with the 
PHOENICS package.

AGG detects the 
presence, size and 
location of facetted 
óvirtual-realityô objects, 
and then fits layers of 
small cells to their 
surfaces.

PHOENICS Features
Unstructured
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USP and AGG: Example #1
2D Heat conduction in plate with holes

A plate is perforated by 
holes and slots.

Heat is conducted from 
the top boundary         
at 10 degrees 

to the bottom boundary 
at 0 degrees. 

The coarse grid from 
which AGG starts is 
shown by the dark 
lines.
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The resulting 
temperature 
contours reveal the 
expected effects:

the slots and holes 
serve as barriers to 
the flow of heat.

Of course, 
structured 
PHOENICS could 
have solved this 
problem easily with 
a uniformly fine 
grid, but at greater 
expense.

USP and AGG: Example #1
2D Heat conduction in plate with holes
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USP and AGG: Example #2;
3D Heat conduction

Heat flows from the 
bottom boundary of 
a hollow 3D object 
at 10 degrees C
to the top boundary 
at 0 degrees C. 

If SP were used:
Åa fine grid would 
have to be used for 
the whole of the 
bounding-box space
Åmuch of the 
computing time 
would have been 
wasted.



C
H

A
M

Seminar

On the right are shown the 
cells which touch the inner 
and outer surfaces of the 
solid body.

They are of a uniformly small 
size.

Larger cells fill the remainder 
of the volume of the object.

No cells exist at all in the 
non-solid spaces.

AGG has therefore built a 
grid of maximum economy.

Cell distortion for better 
fitting is not used here.

USP and AGG: Example #2;
3D Heat conduction
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USP and AGG: Example #2
Computed temperature distribution

The temperature contours
are shown on the right.

Part of the body has been cut 
away in order that the 
contours on the inner surface 
can be seen.

If there had been fluid inside 
and outside the body, AGG 
would have created cells in 
those regions also.

Then USP would have 
calculated the temperatures 
there too; and also velocities 
and pressures, there only. 
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USP and AGG: Example #3;
Flow around a cylinder

Flow is present in this third example which concerns steady laminar 
flow around a cylinder within a duct of finite width, from left to right.

The 
geometry 
is 2D.

The 
Reynolds 
number 
is 40.

AGG 
starts 
with the
coarse 
grid.
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USP and AGG
Example #3; the unstructured grid

AGG created this grid, with smallest cells nearest to the surface
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USP and AGG: Example #3
Computed pressure contours
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USP and AGG: Example #3
Computed velocity contours
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The closeness of the vectors reveals the local grid fineness

USP and AGG: Example #3
Computed velocity contours
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USP and AGG: Example #4;
faucet for mixing hot and cold water

Structured PHOENICS could have handled example #3 well; but it 
would be less efficient if applied to example #4 .

The object 
represents a 
domestic hot-
&-cold-water 
tap.

Only internal 
passages 
require CFD 
analysis; but 
the solid parts
conduct heat.
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USP and AGG: Example #4
Grid and PRPS (material index) contours

MaxLevel = 4;
i.e. there are 4 levels of grid 
refinement.

The total number of cells is: 
174 000  

The fluid space is coloured
blue; the solid space is 
coloured olive.
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USP and AGG: Example #4
Temperature contours

The public-
domain package 
PARAVIEW is 
here used for 
displaying 
temperature 
contours on:
Åtwo cutting 
planes, and
Åpart of the 
outside of the 
faucet.
The temperature 
range is from 0 
to 100 degrees.
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USP and AGG: Example #4;
surface-temperature contours

A fictitious 
cylindrical 
object 
has been 
attached to 
the outlet 
so as to 
enable the 
outlet 
pressure to 
be 
specified
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USP and AGG: Example #4;
Vertical velocity contours
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USP and AGG: Example #4;
Velocity vectors (coloured by pressure)

The arrows show 
the hot and cold 
entering streams, 
which flow 
towards each 
other.

They then join and 
flow out together 
along the curved 
tube to the outlet.
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PHOENICS Unstructured
Flow over terrain

USP is particularly useful for flow-over-terrain problems where 

fine grids are required near the ground, whereas coarser

ones suffice for higher altitudes.
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The USP grid for 
the given terrain 
at Z = 75 m

PHOENICS Unstructured
USP grid
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PHOENICS Unstructured
USP grid

4 levels of refinement were used for the generation of this grid. The 
white cell shows the initial cell size of the starting coarse mesh. 
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PHOENICS Unstructured 
SP vs USP
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PHOENICS Unstructured 
SP vs USP
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PHOENICS Unstructured 
SP vs USP
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PHOENICS Unstructured 
BFC vs USP
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PHOENICS Unstructured 
BFC vs USP
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Display of USP results with 
PRELUDE

In addition to Paraview, CHAMôs new pre -(and post-) processor 

PRELUDE can now display USP results. of results.
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Comparison of SP, BFC and USP 
for terrain-type problems

Summary of conclusions

The computed results of Structured PHOENICS 
(SP), PHOENICS using Body-Fitted 
Coordinates (BFC) and Unstructured 
PHOENICS (USP) agree in all important 
respects.
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PHOENICS

Impeller Pump Example
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Impeller Pump Example

Å This presentation outlines the modeling of a simple impeller pump

using PHOENICS.

Å The model shown is a transient, moving body analysis, however steady

state and start-up simulations can also be run with PHOENICS.

Å The work was part of a demonstration for Armfield Ltd
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The Geometry

ÅThe cover is shown as 

transparent to aid visualisation.

ÅIn this case the geometry was 

from stl files. Most CAD 

systems are capable of 

generating this file format.

Water Inlet

Water Outlet

Impeller

General and detailed views of the pump geometry in the PHOENICS VR viewer.
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Results - Pressure

Sectional pressure profile  and 

vectors through and around the 

impeller. 
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Results - Pressure

Surface pressure profile on the impeller. 



C
H

A
M

Seminar

Results - Velocity

Velocity vectors within the 

pump, showing use of the 

ónear-planeô function to 

view inside the impeller 

cross section.
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Results - Velocity

Detailed velocity vectors showing turbulence at the impeller tip.
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Results - Velocity

From the geometry supplied the 
diameter of the outlet appears to 
be 18mm diameter. Therefore 
volume flow rate is given byé

Area of outlet = 2.54 E-4 m
Average velocity at outlet = 4.78m/s

Volume flow rate = 0.00122m3/s
Experimental flow rate = 0.001m3/s
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Results - Animation
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PHOENICS

Thermocouple Example
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Thermocouple

ÅPHOENICS was used to calculate the flow and 

temperature distribution inside a thermocouple.

ÅThe thermocouple is used to measure the 

temperature in a jet-engine combustion chamber.

ÅThe operating conditions are:

ïpressure around 3bar

ïTemperature around 950ºC

ÅCalculations were performed for a 2D section, and 

also for a 3D 180º section.
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Thermocouple - Geometry

ÅThe red part is the 

temperature sensor

ÅThermocouple geometry
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Thermocouple - Results

Å Vectors
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Å Surface of Mach 
Number 1

Thermocouple - Results

Å Mach Number contours
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Å Temperature distribution

Thermocouple - Results


